Abstract. Silver nanoparticles synthesized by a reagent less method involving only thermal treatment have been used in colorimetric assay for the detection of hydrogen peroxide. The silver nanoparticles were directly synthesized in polymethacrylate matrix (PMM) by method based on the reduction of the inorganic precursor AgNO 3 , which was pre-adsorbed by PMM from solution, through thermal treatment. These silver nanoparticles were characterized using absorption spectroscopy. It was shown that the silver nanoparticles in PMM (Ag -PMM) had ability for reduction of hydrogen peroxide with silver oxidation. As a result, the yellow color of Ag -PMM samples was gradually changed to transparent color depending on the hydrogen peroxide concentrations. Hence, the silver nanoparticles in PMM could be used as colorimetric sensor for hydrogen peroxide in aqueous medium.
Introduction
The use of silver nanoparticles (AgNPs) as analytical and bioanalytical sensors is receiving significant attention [1] [2] [3] . This relevance arises from its unusual optical properties such as localized surface plasmon resonance (LSPR). The optical excitation of LSPR caused by a collective excitation of the conduction band electrons of the nanoparticle produces an absorption with large molar extinction coefficients and relevant scattering, usually when the particle size is larger than a few tens of nanometers.
The LSPR-based sensing devices and detection methods are applicable to the high sensitive detection of target molecules easily for medical, environmental and food control applications [4] [5] [6] [7] [8] .
In particular, LSPR-based optical sensor using polymer coated silver nanoparticles for the detection of hydrogen peroxide have been reported [9, 10] . The analytical determination of hydrogen peroxide represents an important topic that has relevance pertaining to environmental, pharmaceutical, clinical and industrial research.
The aim of our work is to propose the fabrication of a colorimetric hydrogen peroxide sensor based on silver nanoparticle-embedded polymethacrylate matrix (PMM) which was simplified and low-cost. Previous studies showed that the ability of reagents to be immobilized without loss in transparency of PMM could be combined with their ability to enter the analytical reaction [11] [12] [13] .
Experimental
Materials. All chemicals used were analytical reagent grade without further purification and the solutions were prepared with deionized water. Stock solution of hydrogen peroxide was prepared by diluting 1 ml portion of 30% hydrogen peroxide to 1000 ml and standardized by KMnO 4 titration. The solution of silver nitrate with Ag concentration of 100 mgmL -1 was prepared by dissolving of a precise weight of silver nitrate in water.
The PMM is a specially created material containing functional groups which provide ability to extract both the reagent and determined substance. Transparent 10 × 10 cm polymethacrylate plates, thickness (0.60 ± 0.04) mm, were prepared by the radical block polymerization of methacrylic monomers according to the patent [14] . Then these plates were cut as 6.0 × 8.0 mm working platelets (weight ca. 0.05 g).
Synthesis of silver nanoparticals -PMM composities (Ag -PMM).
The silver nanoparticles were directly synthesized in the PMM by method based on the reduction of the inorganic precursor AgNO 3 through thermal treatment. 10 platelets of PMM first soaked in 10 mL solutions of AgNO 3 (100 mgL -1 ) for 3-5 min. Next, the modified platelets were kept on heating by 140-150 °C for about 5-30 min, and then the samples were cooled at 20-25 °C.
Apparatus. The absorbance spectra were recorded on Evolution 600 spectrophotometer (Thermo Fisher Scientific Inc., USA). The pH values were measured by I-160 ion meter with a glass pHselective electrode.
Results and discussion
The samples of PMM with pre-adsorbed AgNO 3 turned yellow with a respective absorption maximum of 420 nm after thermal treatment. The appearance of a plasmon peak at 420 nm, due to surface plasmon resonance phenomena of the electrons in the conduction bands of silver, indicated the formation of silver colloids with nanometer-sized dimensions in the PMM. Figure 1 shows the LSPR optical characteristics changes with thermal treatment time of Ag -PMM. It can be seen that after 5 minutes of heat treatment the absorbance spectra of Ag -PMM has broad absorption band (λ = 300 -480 nm) due to the formation of silver particles or aggregates of various sizes and structures. With further increase in thermal treatment time absorption spectrum band tapers and has absorbance peak at 420 nm. The maximum of the plasmon peak is reached after 15-20 minutes of thermal treatment. The evaluation of the optical characteristics of Ag-PMM as LSPR-based sensor was investigated by example of hydrogen peroxide determination. The determination of reactive oxygen species such as hydrogen peroxide has possibilities for applying to medical and environmental applications. The silver nanoparticles have ability for reduction of hydrogen peroxide with silver oxidation. Hence, the highly clustered silver nanoparticles were decomposed with their oxidation. As a result, the LSPR absorption strength was decreased in relation to the hydrogen peroxide concentrations and yellow color by the LSPR absorption was changed to the transparent color. It can be seen from Figure 2 which shows the LSPR absorption spectrum of Ag-PMM after immersing into hydrogen peroxide solutions of different concentrations.
The quantitative determination of different concentrations of hydrogen peroxide solutions using Ag -PMM was carried out. For determination of hydrogen peroxide concentrations, a platelet of Ag -PMM was put into hydrogen peroxide solutions of different concentrations followed by stirring for 5 or 15 min; then the platelet was removed and dried with a piece of filter paper. The changes in the LSPR peak absorbance of Ag -PMM were investigated at 420 nm. The relationship between the LSPR absorbance strength change and the hydrogen peroxide concentrations could be observed, as illustrated in Figure 3 . Table presents the parameters of calibration equations and the detection limit calculated according to the 3s-test. From these characteristics, it can be seen that this detection method has a possibility for use in the detection of hydrogen peroxide in the form of a simplified test kit. 
Summary
In the present investigation, Ag-PMM platelets were prepared through a simple chemical route and used to realize a very fast and simple hydrogen peroxide sensor. In fact, these samples were tested as LSPR-based optical sensor for the detection and determination of hydrogen peroxide. A drastic LSPR absorbance change, which depends on the hydrogen peroxide concentration, could be observed and related to the degradation of silver nanoparticles. The measure of LSPR absorbance strength decrease makes possible to determine the concentration of hydrogen peroxide. Hence, this detection method has possibilities for applying to medical and environmental monitoring as a simplified test kit. 
